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USE OF ANTISECRETORY FACTORS (AF)
FOR OPTIMIZING CELLULAR UPTAKE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the U.S. National Stage of PCT/
SE2010/050165, filed Feb. 11, 2010, which claims priority to
SE Application No. 0900170-2, filed Feb. 11, 2009; the entire
disclosures of these priority applications are incorporated
herein by reference. This application is also a continuation-
in-part of U.S. application Ser. No. 13/025,702, filed Feb. 11,
2011, now U.S. Pat. No. 8,389,468, which is a divisional of
U.S. application Ser. No. 12/289,389, filed Oct. 7, 2008, now
U.S. Pat. No. 8,309,513, which is a continuation of PCT/
SE2007/000413, filed Apr. 27, 2007.

FIELD OF INVENTION

The present invention relates to the use of an antisecretory
factor (AF) protein, peptide, derivative, homologue, and/or
fragment thereof, having equivalent functional activity, and/
orapharmaceutically active salt thereof, for optimizing deliv-
ery and cellular uptake of a pharmaceutical substance and/or
formulation, or a gene delivery. Typically, said pharmaceuti-
cal substance and/or formulation comprises an anticancer
drug, radiation therapy, an antibiotic substance, an antiviral
substance or a drug targeting sequels of posttraumatic brain
injuries, neurodegeneration, a parasite, or an inflammatory
condition.

In general, the present invention relates to the surprising
insight that antisecretory factor (AF) actively influences the
equilibrium between phosphorylated and dephosphorylated
states of a vast number of functional proteins and that it in
particular can intervene in the biological activation of trans-
membrane proteins, such as Na™—K*-2Cl~ co-transporter
(NKCC1), by interacting with CAP/ponsin (c-Cbl associated
protein) and FAK (focal adhesion kinase). AF can thus effec-
tively regulate and/or normalize abnormal activity of said ion
channel in perturbed and/or pathological cells, thereby effec-
tively normalizing the intracellular pressure in the pathologi-
cal cell, potentially allowing an improved cellular uptake of a
pharmaceutical substance, such as a drug used in e.g. cancer,
inflammation, or trauma therapy, or a nucleic acid sequence
used for gene delivery.

The present invention further of course also relates to the
use of the above described surprising insight that antisecre-
tory factor (AF) protein as well as a peptide derived thereof
comprising the essential consensus sequence of AF can inter-
vene in the biological activation of transmembrane proteins
and/or in particular co-transporters, such as NKCC1, through
CAP/ponsin and FAK in a broad variety of methods for
improved drug design, for screening for and/or evaluating
potential AF inhibitory and/or enhancing substances, and for
evaluating efficacy and/or veritying functional activity of a
new or known antisecretory factor (AF) protein, peptide,
derivative, homologue, and/or fragment thereof, having
equivalent functional activity, and/or a pharmaceutically
active salt thereof.

In another aspect, the newfound insight of AF’s biological
cellular function further enables the design of a new and
reliable diagnostic and/or prognostic tool for monitoring and/
or veritying and/or enhancing the therapeutic control of a
cancer and/or abnormal tissue growth or activity in a subject
suffering e.g. from cancer.
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2
BACKGROUND OF THE INVENTION

Defective regulation of cell secretion underlies the clinical
manifestations of a number of important human diseases
ranging from cystic fibrosis to secretory diarrhea and brain
edema.

The regulation of metazoic cells’ dimensions and internal
milieu is a very high priority matter for their normal function,
multiplication and survival. The cytoskeleton, formed by the
fairly static microtubules and intermediate filaments, and the
dynamic actin filament network act as sensors of cells’ shape,
dimensions, three dimensional shape and mechanical load.
Excessive inflow of water and ions increase a cell’s dimen-
sions, e.g., as occurring if the cell is exposed to a hypotonic
extracellular environment. In contrast, a hypertonic extracel-
Iular milieu renders the cell to shrink. Any divergence from
the normal status of a cell is immediately and forcefully
counteracted as a cell, for the sake of its survival and optimal
function, is giving its highest priority to maintain a “normal”
status. Thereby, the actin filaments and associated myosin 1
form a sensing system alarming on any divergence from the
normal conditions. The actin filaments are attached to lipid
rafts and caveolae, as well as to junctional complexes and
desmosomes/hemidesmosomes and to other constituents of
the cytoskeleton, microtubules and intermediate filaments,
thereby being able to read the condition prevalent in a cell.
The actin filament system is linked to protein complexes at
the cytoplasmic face of lipid rafts and caveolae, which
arrangement enables the actin filaments to monitor the effec-
tors’ parts of the cell. Thereby the signals emitted by the actin
filaments induce counteractions, enabling the cell to maintain
its normal status. These actin linked proteins are e.g. galectin,
filamin and flotillin, and they often form oligomers. The
flotillin-1 and flotillin-2 form oligomers, mostly tetramers,
which are anchoring lipid rafts to the actin filament network.
Flotillin-1 binds with very high affinity to the AF protein as
well as to the AF-derived peptide AF-16, while flotillin-2 is
firmly linking actin filaments. The level of flotillin-1 is rap-
idly adjusted by degradation of free flotillin-1, rendering
dynamics to the system. It is known that flotillins monitor
certain kinases and phosphatases, which in turn regulate the
activity of transmembrane proteins, e.g. ion pumps and
G-protein linked systems such as NKCC’s, the activity of
which are further linked to the levels and activities of CAP/
ponsin and FAK.

Optimization of drug and gene delivery is a topic of great
interest. The optimization can be achieved via site-specific
and targeted delivery, controlled drug release, and by finding
ways to deliver higher concentrations of a drug into tissues of
interest despite various barriers. Targeted delivery can serve
to lower the required drug dose and minimize toxic side
effects, which is e.g. crucial for the success of cancer treat-
ment by immunotherapy, chemotherapy and/or radiation.
Controlled release of drugs can be advantageous in the man-
agement of chronic diseases such as trauma-related condi-
tions, neurodegenerative diseases, diabetes and hypertension.

Chemotherapy and immunotherapy are therapeutic
approaches of major importance for the treatment of both
localized and metastasized tumors. Since anticancer drugs
are neither specific nor targeted to the cancer cells, improved
delivery of anticancer drugs to tumor tissues in humans
appears to be a reasonable, beneficial and achievable chal-
lenge. Scientists are working to increase the availability of
drug for tumor uptake by 1) delaying the release preparations
for long-lasting actions; 2) using liposome-entrapped drugs
for prolonged effect or reduced toxicity; 3) administrating
inert, non-toxic prodrugs for specific activation at the tumor
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site; 4) delivering antibody-mediated drugs; or 5) conjugating
site-specific carriers to direct the drug to the tumor target. The
latter depends heavily on pharmacokinetic investigations.
Some success has been achieved in enhancing the efficacy
and reducing the toxicity of drugs.

What is more, it is generally known in the field that the
response of tumor to various anticancer drugs is tumor-size
dependent in many aspects. In general, problems stem partly
from the fact that the entire tumor cell populations do not
respond equally to a certain treatment. As a result of recent
progress in cancer biology, it has become evident that cellular
heterogeneity of the tumor underlies the difficulties of treat-
ing primary and metastatic tumors with chemotherapy. More-
over, as tumors grow, marked diversity develops on the tissue
level as well. Anuneven distribution with an increase of areas
of'lower growth fraction and of poorer drug delivery is more
distinct in larger tumors. Heterogeneous distribution and low
levels of tumor blood flow are considered to be causally
related to the heterogeneous nature of tumor tissue. Consid-
ering the lack of evidence of a lymphatic system within the
tumor, increased interstitial fluid pressure may be a natural
result that further impedes blood flow in the tumor.

The efficacy in cancer treatment of novel therapeutic
agents such as monoclonal antibodies, cytokines and effector
cells has been limited by their inability to reach their target in
vivo in adequate quantities. Molecular and cellular biology of
neoplastic cells alone has failed to explain the non-uniform
uptake of these agents. This is not surprising, since a solid
tumor in vivo is not just a collection of cancer cells. In fact, it
consists of two extracellular compartments: vascular and
interstitial. Since no blood-borne molecule or cell can reach
cancer cells without passing through these compartments, the
vascular and interstitial physiology of tumors has received
considerable attention in recent years. Three physiological
factors responsible for the poor localization of macromol-
ecules in tumors have been identified: (i) heterogeneous
blood supply, (ii) elevated interstitial pressure, and (iii) long
transport distances. The first factor limits the delivery of
blood-borne agents to well-perfused regions of a tumor; the
second factor reduces extravasations of fluid, nutritients, oxy-
gen and macromolecules in the high interstitial pressure
regions and also leads to an experimentally verifiable, radial
outward convection in the tumor periphery which opposes the
inward diffusion. The third factor increases the time required
for slowly moving macromolecules, nutritients, or oxygen to
reach distant regions of a tumor. Binding of any molecule to
e.g. an antigen further lowers the effective diffusion rate by
reducing the concentration of mobile molecules. Although
the effector cells are capable of active migration, peculiarities
of'the tumor vasculature and interstitium may also be respon-
sible for poor delivery of lymphokine activated killer cells
and tumor infiltrating immuno active cells in solid tumors.
Due to micro- and macroscopic heterogeneities in tumors, the
relative magnitude of each of these physiological barriers
would vary from one location to another and from one day to
the next in the same tumor, and from one tumor to another. If
genetically engineered macromolecules and effector cells, as
well as low molecular weight cytotoxic agents, are to fulfill
their clinical promise, strategies must be developed to over-
come or exploit these barriers.

Solid tumors, enclosed by a capsule and sometimes divided
by septa, often develop high interstitial fluid pressure (IFP) as
a result of increased fluid leakage and impaired blood circu-
lation and lymphatic drainage, as well as changes in the
extracellular matrix composition and elasticity. This means
that the arteriolar blood pressure at many occasions causes the
IFP to reach high levels. Also swelling of tumor cells contrib-
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4

utes to the raised IFP. Raised interstitial fluid pressure forms
a barrier to drug delivery and hence, resistance to therapy.

A cell undergoes genetic and epigenetic changes during its
transition to malignancy. Malignant transformation is also
accompanied by a progressive loss of tissue homeostasis and
perturbations in tissue architecture that ultimately culminates
in tumor cell invasion of the parenchyma and metastatic
spread to distant tissue and organ sites. Increasingly, cancer
biologists have begun to recognize that a critical component
of'this transformation journey involves marked alterations in
the mechanical phenotype of the cell and its surrounding
microenvironment. These include modifications in cell and
tissue structure, adaptive force-induced changes in the envi-
ronment, altered processing of micromechanical cues
encoded in the extracellular matrix (ECM), and cell-directed
remodeling of the extracellular stroma. Solid tumors are com-
monly stiffer than normal tissue, and tumors have altered
integrins.

Growing evidence indicates that critical steps in cancer
progression such as cell adhesion, migration, and cell cycle
progression are in parts regulated by the composition and
organization of the microenvironment. The adhesion of can-
cer cells to components of the microenvironment and the
forces transmitted to the cells via the actin network and the
signaling complexes organized at focal adhesions, lipid rafts
and caveolae, allow cancer cells to sense the local topography
of the extracellular matrix and respond efficiently to growth
and migration promoting cues.

The cytoskeleton, including its actin network, is known to
be of crucial importance for the structure and function of
normal, inflammatory and neoplastic cells. At e.g. a brain
trauma, the cytoskeleton is extensively deranged at locations
and to an extent varying with the applied forces. The actin
filaments are as well disintegrating at encephalitis (Jennische
etal., 2008) and at cholera toxin induced diarrhea (Hansson et
al., 1984). Thus, the crucial roles of the cytoskeleton for the
maintenance of normal dimensions of cells and for the emer-
gence of dysfunctions are established.

Much attention has focused on the role of membrane chlo-
ride (CI7) channels in the maintenance of normal cell func-
tions, emerging evidence highlights the importance of the
Na*—K*2CI™ co-transporter (NKCC) as an independent
regulatory site that may determine the overall rate of cell
secretion. The co-transporter NKCC1 is expressed in virtu-
ally all mammalian cells, where it plays a more generalized
role in cell volume homeostasis, cell ionic composition, and,
possibly, the control of cell growth. Emerging molecular evi-
dence indicates that NKCC1 function is regulated in the short
and long term at the level of protein phosphorylation, mem-
brane targeting, and gene expression (Mathews, 2002). Thus,
an improved understanding of the interactions between the
cytoskeleton, flotillin oligomers, lipid rafts and effectors such
as NKCC1 has lead the present inventors to new therapeutic
approaches to cancer and to neurodegeneration, as well as to
the treatment of a range of clinical conditions in which the cell
dimensions and ion composition are disturbed.

The Na—K-—CI co-transporters are a class of membrane
proteins that transport Na*, K*, and C1” ions into and out of a
wide variety of epithelial and non-epithelial cells. The trans-
port process mediated by Na—K-—Cl co-transporters is char-
acterized by electro neutrality (almost always with stochiom-
etry of 1 Na:1K:2Cl) and inhibition by the “loop” diuretics
such as bumetanide, benzmetanide, and furosemide. Pres-
ently, two distinct Na—K-—Cl co-transporter isoforms have
been identified by ¢cDNA cloning and expression; genes
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encoding these two isoforms are located on different chromo-
somes and their gene products share approximately 60%
amino acid sequence identity.

The NKCC1 (CCC1, BSC2) isoform is present in a wide
variety of tissues. Most normal epithelial cells containing
NKCC1 are secretory epithelia with the Na—K-—Cl
co-transporter localized to the basolateral membrane. By
contrast, NKCC2 (CCC2, BSC1) is found only in the kidney,
localized to the apical membrane of the epithelial cells of the
thick ascending limb of Henle’s loop and of the macula densa.
Mutations in the NKCC2 gene result in Bartter’s syndrome,
an inherited disease characterized by hypo potassium meta-
bolic alkalosis, hypercalciuria, salt wasting, and volume
depletion. The two Na—K—Cl1 co-transporter isoforms are
also part of a superfamily of cation-chloride co-transporters,
which includes electroneutral K—CI and Na—Cl co-trans-
porters. Cancer cells, which mostly are apolar, do express
high levels of NKCC, resulting in that the tumor cells in fact
are swollen, i.e. having increased dimensions. Tumor cells
have less precisely regulated ion pump and water channel
systems, but still show a strong tendency to maintain their
internal homeostasis. That means that the increased dimen-
sions of tumor cells, enclosed by a capsule, contribute to the
raise of the IFP common in solid tumors.

Na—K-—Cl co-transporter activity is affected by a large
variety of hormonal stimuli as well as by changes in cell
volume. In many tissues this regulation (particularly of the
NKCCI1 isoform) is regulated by the balance between phos-
phorylation and dephosphorylation of regulatory systems,
controlling the ion pumps prevalent in the lipid rafts through
the specific protein kinases or phosphatases. (Haas, 1998)

Cell shrinkage-induced activation of NKCC involves an
interaction between the cytoskeleton and protein phosphory-
lation events via PKC and myosin light chain kinase
(MLCK). Osmotic control of Cl— secretion across the epi-
thelium includes: (i) hyperosmotic shrinkage activation of
NKCCI1 via PKC, MLCK, p38, OSR1 and SPAK; (ii) deac-
tivation of NKCC by hypotonic cell swelling and a protein
phosphatase, and (iii) a protein tyrosine kinase acting on the
focal adhesion kinase (FAK) to set levels of NKCC activity.
The CAP component is interposed as well and takes parts in
the step wise regulation of the extent of phosphorylation of
NKCC, which determines its function within the lipid rafts
(Hoffmann 2007).

Atthe electron microscopic level, a unique combination of
integrin 1, the phosphorylated form of FAK at tyrosine 407
(pY407) and Na(+), K(+), 2Cl(-) co-transporter (NKCC1)
were all co-localized only on the basolateral membrane in
normal cells. The three proteins were also co-immunoprecipi-
tated with each other in isotonic conditions, suggesting an
osmosensing complex involving the three proteins. Only
FAK pY407 was sensitive to hypotonic shock and became
dephosphorylated with hypotonic shock, while FAK pY576
in the apical membrane and pY861 in cell-cell adhesions
were insensitive to hypotonicity. It has been reported that
chloride cells respond to hypotonic shock using integrin 1 as
an osmosensor that is connected to dephosphorylation of
FAK pY407 which leads to NKCC1 deactivation in the baso-
lateral membrane and the inhibition of NaCl secretion by
these epithelial cells (Marshall, 2008). Again, tumor cells
commonly are apolar and thus the ion pumps in the lipid rafts
are localized all along the cell surface, as apical and basolat-
eral areas are not prevalent. Thus, the same kind of ion pump
is prevalent in normal cells as in cancer cells and in either case
similarly monitored, albeit their localizations differ.

Integrins are cell surface receptors which, in part, mediate
the adhesion of cells to the extracellular matrix. In addition to
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providing molecular “glue” essential for tissue organization
and survival, integrins serve as dynamic signaling molecules.
Integrins allow normal, non-transformed cells to sense that
they are adhered to the extracellular matrix, thus providing a
cell survival signal. This signal allows cells to proliferate in
the presence of growth factors and in some instances prevents
apoptosis. Integrins also mediate cell migration as it occurs in
normal processes, such as angiogenesis, wound healing,
repair of damage, monitor immune system function, and
development. Aberrances in the expression and function of
integrins contribute to many diseases and disorders, including
cancet.

Focal adhesion kinase (FAK) is a non-receptor tyrosine
kinase that is overexpressed in a variety of cancers and plays
an important role in cell adhesion, migration, and anchorage-
dependent growth (Tilgham, 2007)

Focal adhesion kinase (FAK), prevalent in practically all
normal cells, is overexpressed in invasive and metastatic
colon, breast, thyroid, and prostate cancers. Enhanced FAK
immunostaining is detected in small populations of preinva-
sive (carcinoma in situ) oral cancers and in large populations
of cells in invasive oral cancers. It has been hypothesized that
FAK is probably not a classical oncogene but may be involved
in the progression of cancer to invasion and metastasis. It is
further hypothesized that overexpression of FAK in subpopu-
lations of tumor cells leads to populations of cells with a high
propensity toward invasion and metastasis (Kornberg, 1998).

Focal adhesion kinase (FAK) localizes to cellular focal
adhesions or cell contacts within the extracellular matrix.
FAK is activated by a variety of cell surface receptors and
transmits signals to a range of targets. FAK participates in
growth factor receptor-mediated signaling pathways and
plays essential roles in cell survival, proliferation, migration,
and invasion.

Overexpression of FAK is widely observed in numerous
tumor types, and is used as a marker for invasion and metasta-
sis. FAK could be therapeutically targeted at various levels,
such as at the level of FAK gene transcription by regulating its
transcription factor(s) with siRNA, at the FAK mRNA level
with FAK siRNA, or at the protein level. At the protein level,
FAK’s localization to lipid rafts in focal adhesions could be
disrupted by expression of dominant-negative FAK-Related
Non-Kinase or its focal adhesion targeting domain, and its
kinase activity could be inhibited by FIP200, the FAK kinase
domain-interacting protein and kinase-activity inhibitor. In
recent years, research has been focused on developing small
molecule inhibitors against FAK transcription and activation,
to provide additional approaches for potential tumor thera-
pies (Lis. 2008).

Another substrate involved in the phosphorylation of intra-
cellular substrates regulating the transduction and control of
signals determining the level of activity of ion pumps is CAP,
which is an adapter protein for the Cbl proto-oncogene prod-
uct. CAP is acting as a link in the signaling pathway at the
cytoplasmic leaflet of lipid rafts between flotillin and FAK.
CAP is also known under the name ponsin. The name reflects
that this factor originally was isolated and identified in over-
expressing tumors and therefore named proto-oncogene
product, but has subsequently been disclosed to be prevalent
as well in normal cells.

Antisecretory factor is a 41 kDa protein that originally was
described to provide protection against diarrhea diseases and
intestinal inflammation (for a review, see Lange and Lon-
nroth, 2001). The antisecretory factor (AF) protein has been
sequenced and its cDNA cloned. The antisecretory activity
seems to be mainly exerted by a peptide located between the
amino acid positions 35 and 50 on the antisecretory factor
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(AF) protein sequence and comprising at least 4-16, suchas 4,
6, 8 or 16 amino acids of the consensus sequence. Immu-
nochemical and immunohistochemical investigations have
revealed that the antisecretory factor (AF) protein is present
and may also be synthesized by most tissues and organs in a
body. Synthetic peptides, comprising the antidiarrhoeic
sequence, have prior been characterized (WO 97/08202; WO
05/030246). Antisecretory factor (AF) proteins and peptides
have previously been disclosed to normalize pathological
fluid transport and/or inflammatory reactions, such as in the
intestine and the choroid plexus in the central nervous system
after challenge with the cholera toxin (WO 97/08202). Food
and feed with the capacity to either induce endogenous syn-
thesis of AF or uptake of added AF have therefore been
suggested to be useful for the treatment of edema, diarrhea,
dehydration and inflammation in WO 97/08202. WO
98/21978 discloses the use of products having enzymatic
activity for the production of a food that induces the forma-
tion of antisecretory factor (AF) proteins. WO 00/038535
further discloses the food products enriched in antisecretory
factor (AF) proteins as such.

Antisecretory factor (AF) proteins and fragments thereof
have also been shown to improve the repair of nervous tissue,
and proliferation, apoptosis, differentiation, and/or migration
of stem and progenitor cells and cells derived thereof in the
treatment of conditions associated with loss and/or gain of
cells (WO 05/030246) and to be equally effective in the
treatment and/or prevention of intraocular hypertension (WO
07/126,364), as for the treatment and/or prevention of com-
partment syndrome (WO 07/126,363).

What is more, the present inventors recently showed that
antisecretory factors were able to monitor and/or beneficially
affect the structure, distribution and multiple functions of
lipid rafts, receptors and/or caveolae in membranes and could
thus be employed for the treatment and/or prevention of struc-
tural disorganization and dysfunction of lipid rafts and/or
caveolae in cell membranes (WO 07/126,365).

Surprisingly, the present inventors have now been able to
prove that the same antisecretory factors can intervene in the
above described biological activation of transmembrane pro-
teins, e.g. NKCC1 through FAK and CAP, and can thus
directly regulate the pathological activity of the ion channel in
pathological and/or perturbed cells, effectively normalizing
the intracellular pressure and transmembrane protein func-
tion in said cell, and thus allowing an improved uptake of
drugs used in e.g. cancer therapy.

SUMMARY OF THE PRESENT INVENTION

The present invention relates to the use of a pharmaceutical
composition comprising an antisecretory factor (AF) protein,
a homologue, derivative, peptide and/or fragment thereof,
having antisecretory and/or equivalent functional and/or ana-
logue activity, preferably being selected from an antisecre-
tory factor (AF) protein consisting of a sequence according to
the following formula

X1-V-C-X2-X3-K-X4-R-X5,

wherein X1 is I, amino acids 1-35 of SEQ ID NO 6, or is
absent, X2is H,RorK,X3isSorL, X4is T orA, X5 is amino
acids 43-46, 43-51, 43-80 or 43-163 of SEQ ID NO 6, or is
absent, or a modification thereof not altering the function of
the polypeptide, or a pharmaceutically active salt thereof, for
the manufacture of a pharmaceutical composition for opti-
mizing delivery and/or cellular uptake of a second or further
pharmaceutical substance and/or formulation.
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Typically, said second or further pharmaceutical substance
and/or formulation comprises an anticancer drug, radiation
therapy, antibiotic substance, antiviral substance, and/or a
drug targeting posttraumatic injury, neurodegeneration, a
parasite, or an inflammatory condition.

The present invention in another equally preferred aspect
also relates to the use of an antisecretory factor (AF) protein,
peptide, derivative, homologue, and/or fragment thereof,
having equivalent functional activity, and/or a pharmaceuti-
cally active salt thereof, for optimizing delivery and cellular
uptake of a gene delivery.

In general, the present invention relates to the surprising
insight that antisecretory factor (AF) in particular can inter-
vene in the biological activation of transmembrane proteins,
such as NKCC1 by interacting with CAP/ponsin (c-Cbl asso-
ciated protein) and/or FAK (focal adhesion kinase).

AF has prior been known to co-localize with flotillin 1 and
2, a protein that is anchoraged in the lipid raft of the cell
membrane and which binds to actin and to CAP, which in turn
binds to the SHP-2/PTPD1 domain and SH3 of FAK in its
unphosphorylated form. The present invention for the first
time shows that AF can actively regulate the interaction of
CAP and FAK with NKCC1, giving rise to the occurrence of
uncoupled phosphorylated FAK. By uncoupling FAK from
the NKCC1 complex, the ion channel is effectively shut
down. The present inventors for the first time demonstrate
strong evidence that AF can regulate the binding of CAP to
flotillin 1 and 2, and to the SHP-2/PTPD1 domain of FAK and
can potentially interfere with the oligomerisation of flotillin 1
and 2 and its binding to the lipid raft in the cell membrane. AF
is further by the present inventors for the first time shown to
actively interfere with protein phosphatases.

Through the above described biological action, AF can
effectively monitor and/or normalize abnormal function of
transmembrane proteins, such as the NKCC1 ion channel in
the cell membrane.

In a healthy cell, the NKCC1/FAK/CAP complex shows a
natural equilibrium between phosphorylated and unphospho-
rylated state, thus several intracellular and extracellular effec-
tors, such as receptors and osmotic pressure, can come to play
and contribute to the finely tuned control of the state of the ion
channel.

In pathological and/or perturbed cells, the finely tuned
control of the state of the ion channel NKCC1/FAK/CAP
complex is disturbed and the ion channel is constantly acti-
vated. Thus, the intracellular pressure of e.g. transformed
cells is often higher than that of healthy cells. In pathological
cells, FAK is constantly dephosphorylated and bound to the
NKCC1 complex. Due to its unique potential to monitor FAK
in the NKCC1 complex, whereby FAK becomes phosphory-
lated, AF can effectively normalize the intracellular pressure
in the pathological cell, and thus potentially allow improved
cellular uptake of a pharmaceutical substance, such as drugs
used in e.g. cancer therapy. Consequently, normalizing the
intracellular pressure in the pathological cell can in turn also
contribute to normalizing the interstitial pressure in a patho-
logical tissue. It ought to be stressed that abnormal intracel-
lular levels of ions results in occurrent transfer of water
through e.g. aquaporins (water channels).

A well known drawback in the pharmacological treatment
of a broad variety of disease is the necessity to increase the
dosage above optimum of the pharmaceutical substance
administered to the patient due to the lack of an effective
uptake of it by the pathological cells. The present invention
makes it possible to utilize a proven non-toxic, biodegrad-
able, endogenous small substance to normalize the intracel-
Iular pressure in the pathological cell, and thus potentially to
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allow improved cellular uptake of any pharmaceutical sub-
stance, which in turn minimizes the risk for severe side effects
due to administering an over-dose of said active further com-
ponent.

Furthermore, the antisecretory factor (AF) has been proven
to have no adversary effect on healthy normal cells, but only
to exert its normalizing effect on pathological cells. On the
contrary, the administration of antisecretory factor (AF) pro-
tein, a homologue, derivative, and/or fragment thereof, hav-
ing antisecretory and/or equivalent functional and/or ana-
logue activity, or a pharmaceutically active salt thereof can
instead potentially even assist healthy cells in the close vicin-
ity of the pathological and/or perturbed cells to acquire an
optimized equilibrium between phosphorylated and unphos-
phorylated states of NKCC1/FAK/CAP complex.

What is more, it is known since many years that a specific
diet including a certain amount of malted cereals will induce
the body’s own endogenous production of and/or activation
of antisecretory factors in the patient’s blood. Thus, it is
potentially possible to induce a similar normalization of the
intracellular pressure in the pathological cell, and/or the inter-
stitial pressure in a pathological tissue, by simply feeding the
patients, which are to be treated with a certain substance or to
be subjected to a certain treatment, with such foodstuff as
described in e.g. WO 1998/21978 or in WO 05/030246
before, during and/or after the treatment. Thus effectively and
cheap improve the cellular uptake of a pharmaceutical sub-
stance, such as an anticancer drug, radiation therapy, an anti-
biotic substance, an antiviral substance or a drug targeting
posttraumatic injury, neurodegeneration, a parasite, or an
inflammatory condition.

The present invention further of course also relates to the
use of the above described surprising insight that antisecre-
tory factor (AF) can intervene in the biological activation of
transmembrane proteins, such as ion channels, in particular
NKCCI1 through FAK in a broad variety of methods for
improved drug design, for screening for and/or evaluating
potential AF inhibitory and/or enhancing substances, and for
evaluating efficacy and/or verifying functional activity of new
or known antisecretory factor (AF) proteins, peptides, deriva-
tives, homologues, and/or fragments thereof, having equiva-
lent functional activity, and/or a pharmaceutically active salt
thereof.

For example, phosphorylated FAK is easily distinguish-
able from unphosphorylated FAK by specific and commer-
cially available antibodies. As elegantly demonstrate by the
present inventors, untreated MATB cells (AtCC N.: CRL-
1666, designation 13762 MATB 111) in culture show clear
labeling for phosphorylated FAK. When they were exposed to
a hypertonic solution, which activated the cellular NKCC1
channel, the level of phosphorylated FAK was markedly
reduced, i.e. NKCC1 was activated and the cells were swell-
ing. In starch contrast hereto, treatment with AF not only
restored, but clearly induced a markedly higher level of phos-
phorylated FAK in the cultured cells, i.e. NKCC1 was turned
off and the cells size became normalized.

Standard methods for improved drug design, for screening
for and/or evaluating potential AF inhibitory and/or enhanc-
ing substances, and for evaluating efficacy and/or verifying
functional activity of new or known antisecretory factor (AF)
proteins, peptides, derivatives, homologues, and/or frag-
ments thereof, having equivalent functional activity, and/or a
pharmaceutically active salt thereof are well known in the art,
some of which are further described in the detailed section of
this application.

In another aspect, the present invention also relates to the
use of a pharmaceutical composition comprising an anti-
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secretory factor (AF) protein, a homologue, derivative, and/or
fragment thereof, having equivalent functional activity, or a
pharmaceutically active salt thereof, for the manufacture of a
pharmaceutical composition for the treatment and/or preven-
tion of various medical conditions selected from the group
consisting of medical conditions related to cancer, tumors or
tumor related conditions, infections, inflammations, posttrau-
matic brain injury, neurodegeneration, and parasites.

In yet another aspect, the present invention relates to the
use of the newfound insight of AF’s biological cellular func-
tion for the design of a new and reliable diagnostic and/or
prognostic tool for monitoring and/or verifying and/or
enhancing the therapeutic control of a malignant tumor in a
subject suffering from a neoplastic disease, such as cancer.

In a preferred embodiment, said antisecretory factor (AF)
protein, to be used according to the present invention, consists
of'a sequence according to the following formula

X1-V-C-X2-X3-K-X4-R-X5,

wherein X1 is I, amino acids 1-35 of SEQ ID NO 6, or is
absent, X2is H,RorK,X3isSorL, X4is T orA, X5 is amino
acids 43-46, 43-51, 43-80 or 43-163 of SEQ ID NO 6, or is
absent, or a modification thereof not altering the function of
the polypeptide or peptide.

The invention is also related to various administration
doses and routes suitable for the intended purpose of treat-
ment as well as the patient’s age, gender, condition etc.

FIGURE LEGENDS

FIG. 1: Cytometric assay of free floating MATBIII tumor
subjected to stress and AD treatment.

The FACS analyses, 10.000 cells, demonstrated a median
FSC-height of 620 in vial no. 1 (control), 450 in vial no. 2
(hypertonic NaCl 5 min), 514 in vial no. 3 (Hypertonic NaCl+
AF-16, 60 min) and 576 in vial no. 4 (hypertonic NaCl1+PBS,
60 min).

FIG. 2: Immunohistochemistry performed by means of
antibodies to phosphorylated antibodies to FAK demon-
strated an intense red staining in the control cells (vial no 1),
while the cells of vial no 4 (PBS-treated) had a significantly
lower intensity. A staining intensity similar to that in the
control cells were demonstrated in the cells treated with
AF-16 (vial 3). A. Before treatment. B. Treatment with hyper-
tonic NaCl followed by PBS. C. Treatment with hypertonic
NaCl followed by AF 16.

The cells are processed to demonstrate phosphorylated
FAK (pFAK), red fluorescence. Nuclei are stained blue
(DAPI).

Strong staining=high level of pFAK, i.e. the NKCC1 chan-
nel is closed.

Weak staining=low level of pFAK, i.e. the NKCC1 channel
is open.

FIG. 3: GMK was cultured in on a solid surface in a series
of experiments aimed to elucidate the presence and distribu-
tion of actin filaments immunohistochemically with the aid of
phalloidin-FITC.

A=Untreated, normal GMK cells cultured adherent to a
surface (control) and processed for demonstration of actin
filaments with a phalloidin-FITC conjugate. The nucleus is
stained blue.

B=Treatment with cytochalasin B disintegrates the actin
network and only a few clusters remain in the cytoplasm

C=Concomitant treatment with cytochalasin B and AF-16
results in partial restoring of the actin network. Thus AF-16 in
parts normalize the cells actin cytoskeleton
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FIG. 4:

A=Vial 1 control

B=Vial 4 hypertonic NaCl+vehicle, 60 min

C=Vial 3 hypertonic NaCl+AF-16, 60 min

FIG. 5: Figure-Cryostat sections of MAT B III tumors cells
from rats pre-treated for 60 min with either the vehicle (upper
row, A-B) or AF-16 (lower row, C-D), prior to the intravenous
injection of doxorubicin. The rats were killed 15 min after
injection of doxyrubicin. Binding of doxorubicin to DNA
results in a red fluorescence in the nuclei of cells exposed to
the drug.

Only scattered nuclei are stained in tumors from rats pre-
treated with the vehicle (A and B). In tumor cells from rats
pre-treated with AF-16 most nuclei are stained. This shows
that pre-treatment with AF-16 efficiently increases the pen-
etration of the cytostatic drug into the tumor cells’ nuclei.

Bars=100 um

DEFINITIONS AND ABBREVIATIONS
Abbreviations

IFP: interstitial fluid pressure;

PBS: phosphate buffered saline;

AF: antisecretory factor,

AF-16: a peptide composed of the amino acids VCHSK-
TRSNPENNVGL; octa peptide IVCHSKTR; septa peptide
VCHSKTR; hexa peptide CHSKTR; penta peptide HSKTR.

FSC: Forward Scatter Count

SCS: Side Scatter Counts

SPC: Specially Processed Cereals

DEFINITIONS

Proteins are biological macromolecules constituted by
amino acid residues linked together by peptide bonds. Pro-
teins, as linear polymers of amino acids, are also called
polypeptides. Typically, proteins have 50-800 amino acid
residues and hence have molecular weights in the range of
from about 6,000 to about several hundred thousand Dalton or
more. Small proteins are called peptides, polypeptides, or
oligopeptides. The terms “protein”, “polypeptide”, “oli-
gopeptide” and “peptide” may be used interchangeably in the
present context.

A “pharmaceutical composition™, in the present context,
refers to a composition comprising a therapeutically active
amount of an antisecretory factor (AF) protein, optionally in
combination with a pharmaceutically active excipient, such
as a carrier or a vehicle. Said pharmaceutical composition is
formulated for the appropriate route of administration, which
may vary depending on the condition of the patient, as well as
on other factors, such as age or preferred choice. A pharma-
ceutical composition comprising an antisecretory factor (AF)
protein serves as a drug delivery system. The pharmaceutical
composition upon administration presents the active sub-
stance to the body of'a human or an animal. Said pharmaceu-
tical composition may be in the form of e.g. tablets, pills,
lozenges, capsules, stool pills, gels, solutions, etc, but is not
limited thereto.

The term “pharmaceutically active salt”, refers to a salt of
an antisecretory factor (AF) protein, which may be any salt
derived there from, based on so-called Hofmeiser’s series.
Other examples of pharmaceutically active salts comprise
triflouroacetate, acetate and lysine chloride, the invention is
not limited thereto.

The term “antisecretory” refers in the present context to
inhibiting or decreasing secretion, especially intestinal secre-
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tions. Hence, the term “antisecretory factor (AF) protein”
refers to a protein capable of inhibiting or decreasing secre-
tion in a body.

In the present context, “equivalent functional and/or ana-
logue activity” relates to the biological eftect of the antisecre-
tory factor (AF) protein, peptide, or polypeptide, or a homo-
logue, derivative or fragment thereof, i.e. its capacity for
optimizing delivery and cellular uptake of a pharmaceutical
substance and/or formulation. Standardized examples for
testing and/or measuring such a capacity are well known in
the field of the art. Examples are given in the experimental
section of this application, such as in examples 1-6.

In the present context, an “antisecretory factor (AF) pro-
tein”, or a homologue, derivative or fragment thereof, may be
used interchangeably with the term “antisecretory factors” or
“antisecretory factor proteins™ as defined in WO 97/08202,
and refers to an antisecretory factor (AF) protein or a peptide
or a homologue, derivative and/or fragment thereof having
antisecretory and/or equivalent functional and/or analogue
activity, or to a modification thereof not altering the function
of the polypeptide. Hence, it is to be understood that an
“antisecretory factor”, “antisecretory factor protein”, “anti-
secretory peptide”, “antisecretory fragment”, or an “anti-
secretory factor (AF) protein” in the present context, also can
refer to a derivative, homologue or fragment thereof. These
terms may all be used interchangeably in the context of the
present invention. Furthermore, in the present context, the
term “antisecretory factor” may be abbreviated “AF”. Anti-
secretory factor (AF) protein in the present context also refers
to a protein with antisecretory properties as previously
defined in W0O97/08202 and WO 00/38535. Antisecretory
factors have also been disclosed e.g. in WO 05/030246. Also
intended by the term antisecretory factor is egg yolk enriched
in antisecretory factors as disclosed in SE 900028-2 and WO
00/38535 as further described below.

A “medical food”, in the present context, refers to a food or
a food for special dietary use, which has been prepared with
a composition with an antisecretory factor (AF) protein or
alternatively has the capability to induce synthesis or activa-
tion of endogenous AF. Said food may be any suitable food, in
fluid or solid form, such as a liquid or a powder, or any other
suitable foodstuff. Examples of such matter may be found in
WO 0038535 or WO 91/09536. Said constituent may as well
induce the uptake, formation and release of an antisecretory
factor (AF) protein.

A “nebulizer”, in the present context, refers to a medical
device that delivers liquid medication in the form of a mist to
the airways. “Nebulizer” compressors force air through tub-
ing into a medicine cup filled with liquid medicine. The force
of'the air breaks the liquid into tiny mist-like particles that can
be inhaled deeply into the airways.

The term “aerosol” in the present context refers to a gas-
eous suspension of fine solid or liquid particles.

In the present context, the term “cytostatica” is used, as
well as “cytostatic drugs”, “Cytostatic agents” or “cytostatic
compounds”, the terms are interchangeable and relate to
drugs which are used in cancer therapy and are typically
administered to patients undergoing chemotherapy. Cyto-
static agents are substances which check the growth of patho-
logical cells, but also of normal cells. Such substances are
therefore used for the chemotherapeutical treatment of
tumors, but also for post-operational treatment after removal
of a tumor. Cytostatic agents can come in liquid, powder or
granular form, optionally also deep-frozen. The person
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skilled in the art will adjust the choice and dosage of cyto-
statica from a plethora of cytostatica commercially available.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a new approach to monitor
cell functions related to systems in a cell controlling the cell’s
dimensions and its internal milieu. An antisecretory factor
(AF) protein, peptide, derivative, homologue, and/or frag-
ment thereof, having equivalent functional activity, or amodi-
fication thereof not altering the function of the polypeptide,
and/or a pharmaceutically active salt thereof, is herein used
for optimizing delivery and cellular uptake of a pharmaceu-
tical substance and/or formulation. Said pharmaceutical sub-
stance and/or formulation is in the present context selected
from the group consisting of anticancer drug, anti tumor drug,
radiation therapy, antibiotic substance and antiviral sub-
stance, a drug targeting posttraumatic injury, a drug targeting
neurodegeneration, a drug targeting parasites, and a drug
against inflammatory conditions.

In general, the present invention relates to the surprising
insight that AF can be used to correct the structure and func-
tion of cells that have impaired dimensions and interior cell
milieu. For example, antisecretory factor (AF) has prior been
shown to be able to intervene with the cytoskeleton and its
associations to lipid rafts and caveolae, filamin, galectin and
flotillin complexes and is now further described to be effec-
tive in monitoring the activity of ion pumps such as NKCC1
by interacting with CAP/ponsin (c-Cbl associated protein)
and FAK (focal adhesion kinase). Without wishing to be
limited to a single scientific hypothesis, it is herein envisioned
that AF exerts at least part of its regulating effect on NKCC1
through its previously documented influence on the cellular
levels of cAMP, which in turn effects the equilibrium between
phosphorylated and dephosphorylated states of a vast number
of functional proteins, such as on CAP/ponsin (c-CBL asso-
ciated protein) and/or FAK (focal adhesion kinase). The func-
tionality of these proteins is consequently influenced by the
levels of AF. E.g. AF’s effect on the equilibrium between
phosphorylated and dephosphorylated states of FAK has been
demonstrated by the present inventors, and is documented in
the experimental section. What is more, the present inventors
have further been able to demonstrate the association of AF to
a phosphatase.

As shown in the experimental section, AF-16 could be
demonstrated to counteract deviations from the normal status
for a cell, which gives high priority to turn normalized. The
inventors thus unexpectedly demonstrated the importance of
the ability of AF-16 to turn a perturbed cell normalized, as
revealed for a range of cell systems tissues and organs.

AF effectively regulates and/or normalizes abnormal activ-
ity of said ion channel in perturbed and pathological cells,
thereby effectively normalizing the dimensions and the intra-
cellular pressure in the cell, which in turn also can lead to
normalizing the interstitial pressure in a perturbed tissue, and
thus potentially allowing an improved cellular uptake of a
pharmaceutical substance, such as drugs used in e.g. cancer,
inflammation and trauma therapy.

The present invention further of course also relates to the
use of the above described surprising insight that antisecre-
tory factor (AF) can intervene in the biological activation of
cell systems regulating disturbed cell dimensions and internal
cellular milieu through the regulation of NKCC1, by inter-
acting with CAP/ponsin (c-Cbl associated protein) and FAK
(focal adhesion kinase), in a broad variety of methods for
improved drug design, for screening for and/or evaluating
potential AF inhibitory and/or enhancing substances, and for
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evaluating efficacy and/or verifying functional activity of new
or known antisecretory factor (AF) proteins, peptides, deriva-
tives, homologues, and/or fragments thereof, having equiva-
lent functional activity, and/or a pharmaceutically active salt
thereof.

The present invention relates to the use of a pharmaceutical
composition comprising an antisecretory factor (AF) protein,
peptide, derivative, homologue, and/or fragment thereof,
having equivalent functional activity, or a modification
thereof not altering the function of the polypeptide, and/or a
pharmaceutically active salt thereof, for the manufacture of a
pharmaceutical composition for optimizing delivery and/or
cellular uptake of a second or further pharmaceutical sub-
stance and/or formulation. Typically, said second or further
pharmaceutical substance and/or formulation comprises an
anticancer drug, radiation therapy, antimicrobial substance,
antibiotic substance, antiviral substance and/or a drug target-
ing posttraumatic injury, neurodegeneration, a parasite, and/
or an inflammatory condition.

In yet another aspect, the present invention relates to a
pharmaceutical composition comprising an antisecretory fac-
tor (AF) protein, peptide, derivative, homologue, and/or frag-
ment thereof, having equivalent functional activity, or a modi-
fication thereof not altering the function of the polypeptide,
and/or a pharmaceutically active salt thereof in combination
with a second or further pharmaceutical substance and/or
formulation, wherein said second or further pharmaceutical
substance and/or formulation is selected from the group con-
sisting of an anticancer drug, radiation therapy, antibiotic
substance, antiviral substance and a drug targeting posttrau-
matic injury, neurodegeneration, a parasite, or an inflamma-
tory condition, as such, and to its use in medicine, in particu-
lar to its use in the treatment of the various medical
indications described in the present application.

Furthermore, said pharmaceutical composition can of
course comprise two or more antisecretory factor (AF) pro-
teins, fragments or derivates, or combinations thereof, as well
as further comprising a pharmaceutically acceptable excipi-
ent.

In a presently preferred embodiment, antisecretory factor
(AF) proteins, peptides, derivatives, homologues, and/or
fragments thereof, having equivalent functional activity, and/
or a pharmaceutically active salt thereof, are shown to be able
to overcome cellular barriers in malignant and/or pathologi-
cal cells, and can thus be used for lowering a required drug
dosage, alternatively for maximizing the dosage effect of said
pharmaceutical substance and/or formulation. In conse-
quence, said above described AF can be used to minimize
toxic or unwanted side effects of said pharmaceutical sub-
stance and/or formulation.

The present invention relates to the use of a pharmaceutical
composition comprising an antisecretory factor (AF) protein,
a homologue, derivative, and/or fragment thereof, having
antisecretory and/or equivalent functional and/or analogue
activity, or a pharmaceutically active salt thereof, for the
manufacture of a pharmaceutical composition for optimizing
delivery and/or cellular uptake of a second or further phar-
maceutical substance and/or formulation. AF and the second
or further pharmaceutical substance and/or formulation can
be administered together or in alternating succession. They
can be co-formulated or administered in separate formula-
tions.

As documented in experiment 1, AF-16 transiently lowers
the IFP during a few hours in tumor cells, thereafter IFP
returns to the original high level in 24 h. Tentatively, this time
limited effect of suppressed IFP is likely to be associated with
improved tumor blood circulation and metabolism, which
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might potentiate the efficacy of radio therapy. Thus, an
increase of blood flow during radio therapy generates more
free radicals and these are most effective in eliminating the
malignant cells.

A presently preferred embodiment of the present invention
is thus the use of a pharmaceutical composition comprising
an antisecretory factor (AF) protein, a homologue, derivative,
peptide and/or fragment thereof, according to the present
invention, for the manufacture of a pharmaceutical composi-
tion for optimizing radiation therapy.

What is more, based on the transient and reversible nature
of the lowering of the cellular IFP, the clinician can easily
envision an administration routine wherein AF is adminis-
tered in optimally timed intervals that are so adjusted that the
IFP in the target cells are lowered just in time for the admin-
istration of the second or further pharmaceutical substance
and/or formulation.

Thus, another, equally preferred embodiment relates to a
method or to an administration dosage regimen for optimized
delivery and/or cellular uptake of a second or further phar-
maceutical substance and/or formulation, wherein said sec-
ond or further pharmaceutical substance and/or formulation
comprises an anticancer drug, radiation therapy, antibiotic
substance, antiviral substance, and/or a drug targeting post-
traumatic injury, neurodegeneration, a parasite, or an inflam-
matory condition.

AF and the second or further pharmaceutical substance
and/or formulation can be administered together or in alter-
nating succession. They can be co-formulated or adminis-
tered in separate formulations.

In another aspect, the present invention relates to the use of
a pharmaceutical composition comprising an antisecretory
factor (AF) protein, a homologue, derivative, and/or fragment
thereof, having equivalent functional activity, or a pharma-
ceutically active salt thereof, for the manufacture of a phar-
maceutical composition for optimizing delivery and/or cellu-
lar uptake of a second or further pharmaceutical substance
and/or formulation for the treatment and/or prevention of
various medical conditions selected from the group consist-
ing of cancer, tumor or a tumor related condition, radiation
therapy, infection, posttraumatic injury, neurodegeneration,
parasitic infestation, and inflammatory conditions.

The invention is also related to various administration
doses and routes suitable for the intended purpose of treat-
ment as well as the patient’s age, gender, condition etc.

The pharmaceutical composition is herein formulated for
intraocular, intranasal, oral, local, subcutaneous and/or sys-
temic administration and can e.g. be formulated for adminis-
tration as a spray, aerosol, and inhaler or by a nebulizer. When
formulated for administration systemically to the blood said
composition is preferably formulated at a dose of 0.1 pg to 10
mg per application and kg body weight and day, such as at a
dose of 0.1 pg to 1 mg per application and kg body weight and
day, preferably again at 1-500 pg per application and kg body
weight and day, such as at 1-50 pug, or 1-100 pug per application
and kg body weight and day. Such an administration can be
performed either as a single dose or as multiple daily appli-
cations.

The very wide range of effective dose regimes utilized
indicates that the risks for side effects and unexpected com-
plications are minimal. Thus, the present invention will
enable the treatment of excessive loads on cells and tissues as
wells as to treat a patient with a wide range of doses suiting the
individual response and the severity of the illness and/or the
discomfort.

The pharmaceutical composition according to the present
invention can in one context be administrated by application
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topically, locally in situ, orally, in the nose, subcutaneously
and/or systemically via blood vessels or via the respiratory
tract.

The present invention further of course also relates to the
use of the above described surprising insight that antisecre-
tory factor (AF) can intervene in the biological activation of
NKCCI1 and other transmembrane proteins through FAK in a
broad variety of methods for improved drug design, for
screening for and/or evaluating potential AF inhibitory and/or
enhancing substances, and for evaluating efficacy and/or veri-
fying functional activity of new or known antisecretory factor
(AF) proteins, peptides, derivatives, homologues, and/or
fragments thereof, having equivalent functional activity, and/
or a pharmaceutically active salt thereof.

For example, phosphorylated FAK is easily distinguish-
able from unphosphorylated FAK by specific and commer-
cially available antibodies. As elegantly demonstrate by the
present inventors, untreated MATB cells (established breast
cancer cell line) in culture show clear labeling for phospho-
rylated FAK. When they were exposed to a hypertonic solu-
tion, which activated the cellular NKCC1 channel, the level of
phosphorylated FAK was markedly reduced, i.e. NKCC1 was
activated and the cells were swelling. In starch contrast
hereto, treatment with AF not only restored but clearly
induced a markedly higher level of phosphorylated FAK in
the cultured cells, i.e. NKCC1 was turned off and the cells’
size normalized.

The present invention thus in one presently preferred
embodiment relates to a method for improved drug design
characterized by testing the response of cells or tissues, sub-
ject to treatment of a substance or a pharmaceutical formula-
tion referred to in the present application and estimating the
influence of AF, antisecretory factor (AF) proteins, fragments
or derivates, or combinations thereof on the cellular uptake of
said substance or formulation by e.g. measuring the amount
of phosphorylated FAK.

In another, equally preferred embodiment, the invention
relates to a method for screening for and/or evaluating poten-
tial AF inhibitory and/or enhancing substances, characterized
by selecting a chemical or biological substance, exposing
antisecretory factor (AF) proteins, peptides, derivatives,
homologues, and/or fragments thereof, having equivalent
functional activity, and/or a pharmaceutically active salt
thereof to said selected substance, and subsequently testing
the potential of said exposed AF to block the dephosphoryla-
tion of FAK at the NKCC1 complex by measuring the quan-
titative occurrence of phosphorylated FAK. In a presently
specifically preferred embodiment, said testing method is
performed as a high-throughput screening.

A further method is also related to herein, for evaluating the
efficacy and/or veritying the functional activity of new or
known antisecretory factor (AF) proteins, peptides, deriva-
tives, homologues, and/or fragments thereof, having equiva-
lent functional activity, and/or a pharmaceutically active salt
thereof, characterized by testing the possibility of said new or
known AF to block the dephosphorylation of FAK at the
NKCCI1 complex by measuring and quantifying the occur-
rence of phosphorylated FAK.

Any of the above described methods can typically alterna-
tively be conducted in a cellular system or in a test organism.
The methods are also equally applicable in in vivo, in situ, and
in silico systems.

Standard methods:

for improved drug design,

for screening for and/or evaluating potential AF inhibitory

and/or enhancing substances,



US 9,220,750 B2

17

for evaluating efficacy and/or verifying functional activity
of new or known antisecretory factor (AF) proteins,
peptides, derivatives, homologues, and/or fragments
thereof, having equivalent functional activity, and/or a
pharmaceutically active salt thereof,
are well known in the art.

In yet another aspect, the present invention relates to the
use of the newfound insight of AF’s biological cellular func-
tion for the design of a new and reliable diagnostic and/or
prognostic tool for monitoring and/or verifying and/or
enhancing the therapeutic control of a malignant tumor in a
subject suffering from cancer. In one embodiment of the
present invention, antisecretory factor (AF) proteins, pep-
tides, derivatives, homologues, and/or fragments thereof,
having equivalent functional activity, are employed as mark-
ers for invasion and/or metastasis of various tumor types
and/or cancer forms.

The direct regulatory effect of antisecretory factor (AF)
proteins, peptides, derivatives, homologues, and/or frag-
ments thereof, having equivalent functional activity, and/or a
pharmaceutically active salt thereof on the phosphorylation
state of FAK in particular, renders the said AF itself to be a
potential drug candidate for cancer and/or tumor treatment.

The antisecretory factor is a class of proteins that occur
naturally in the body. The human antisecretory factor protein
is a 41 kDa protein, comprising 382-288 amino acids when
isolated from the pituitary gland. The active site with regard to
the beneficial effect on normalization of NKCC1 according to
the present invention can be localized to the protein in a
region close to the N-terminal of the protein, in particular
localized to amino acids 1-163 of SEQ ID NO 6, more spe-
cifically to amino acid positions 35-50 on the antisecretory
factor (AF) protein sequence. The biological effect being
exerted by any peptide or polypeptide comprising at least 4-6
amino acids of said consensus sequence, or a modification
thereof not altering the function of the polypeptide and/or
peptide.

The present inventors have shown that the antisecretory
factoris to some extent homologous with the protein S5a, and
Rpn10, which constitutes a subunit of'a constituent prevailing
in all cells, the 26 S proteasome, more specifically in the 19
S/PA 700 cap. In the present invention, antisecretory factor
(AF) proteins are defined as a class of homologue proteins
having the same functional properties. The proteasomes have
a multitude of functions related to the degradation of surplus
proteins as well as short-lived unwanted, denatured, mis-
folded and otherwise abnormal proteins. Further, the anti-
secretory factor/S5a/Rpn10 is involved in the distribution and
transportation of cell constituents, most evidently proteins.
Antisecretory factor is also highly similar to angiocidin,
another protein isoform known to bind to thrombospondin-1
and associated with cancer progression.

Homologues, derivatives and fragments of antisecretory
factor (AF) proteins and/or peptides according to the present
invention all have analogous biological activity of being able
to be used for the manufacture of a medicament for the food
for optimizing delivery and/or cellular uptake of a further
pharmaceutical substance and/or formulation, as well as in a
method for treating conditions such as tumors and tumor-
related conditions, infections, inflammations and/or condi-
tions caused by parasites. Homologues, derivatives and frag-
ments, in the present context, comprise at least 4 amino acids
of a naturally occurring antisecretory factor (AF) protein,
which may be further modified by changing one or more
amino acids in order to optimize the antisecretory factor’s
biological activity for optimizing delivery and/or cellular
uptake of a further pharmaceutical substance and/or formu-

10

15

20

25

30

40

45

50

55

60

65

18

lation related to the present invention, without altering the
essential function of the polypeptide and/or peptide.

A fragment of an antisecretory factor (AF) protein will
generally comprise the peptide/amino acid sequence or a
fragment thereof in a preparation in which more than 90%,
e.g. 95%, 96%, 97%, 98% or 99% of the protein in the
preparation is a protein, peptide and/or fragments thereof of
the invention.

Furthermore, any amino acid sequence being at least 70%
identical, such as being at least 72%, 75%, 77%, 80%, 82%,
85%, 87%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical with the amino acid sequence of a
antisecretory factor (AF) protein, peptide, homologue,
derivative and/or fragment according to the invention, is also
considered to be inside the scope of the present invention. In
the present context the terms homologous and identity are
used interchangeably, i.e. an amino acid sequence having a
specified degree of identity with another amino acid sequence
has the same degree of homology to a specified amino acid
sequence.

By a derivative is in the present context intended a protein
having equivalent activity and/or a functional equivalent
activity to an antisecretory factor as defined herein, being
derived from another substance either directly or by modifi-
cation or partial substitution, wherein one or more amino
acids have been substituted by another amino acid, which
amino acid can be a modified or an unnatural amino acid. For
example, the antisecretory factor derivatives according to the
invention may comprise an N terminal and/or a C terminal
protecting group. One example of an N terminal protecting
group includes acetyl. One example of a C terminal protect-
ing group includes amide.

By proteins, homologues, derivatives, peptides and/or
fragment thereof having an amino acid sequence at least, for
example 95% identical to a reference amino acid sequence, is
intended that the amino acid sequence of e.g. the peptide is
identical to the reference sequence, except that the amino acid
sequence may include up to 5 point mutations per each 100
amino acids of the reference amino acid sequence. In other
words, to obtain a polypeptide having an amino acid sequence
at least 95% identical to a reference amino acid sequence, up
to 5% of the amino acids in the reference sequence may be
deleted or substituted with another amino acid, or a number of
amino acids up to 5% of the total amino acids in the reference
sequence may be inserted into the reference sequence. These
mutations of the reference sequence may occur at the amino
or carboxy terminal positions of the reference amino acid
sequence or anywhere between those terminal positions,
interspersed either individually among amino acids in the
reference sequence or in one or more contiguous groups
within the reference sequence.

In the present invention, a local algorithm program is best
suited to determine identity. Local algorithm programs, (such
as Smith Waterman) compare a subsequence in one sequence
with a subsequence in a second sequence, and find the com-
bination of sub-sequences and the alignment of those sub-
sequences, which yields the highest overall similarity score.
Internal gaps, if allowed, are penalized. Local algorithms
work well for comparing two multidomain proteins, which
have a single domain, or just a binding site in common.

Methods to determine identity and similarity are codified
in publicly available programs. Preferred computer program
methods to determine identity and similarity between two
sequences include, but are not limited to, the GCG program
package (Devereux, J et al (1994)) BLASTP, BLASTN, and
FASTA (Altschul, S. F. et al (1990)). The BLASTX program
is publicly available from NCBI and other sources (BLAST
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Manual, Altschul, S.F. et al, Altschul, S. F. et al (1990)). Each
sequence analysis program has a default scoring matrix and
default gap penalties. In general, a molecular biologist would
be expected to use the default settings established by the
software program used.

The antisecretory factor (AF) proteins or a peptide or a
homologue, derivative and/or fragment thereof having
equivalent activity as defined herein, can comprise 4 amino
acids or more, such as 5-16 amino acids, such as 5, 6,7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 amino acids or
more. In other preferred embodiments the antisecretory factor
consists 0f42, 43, 45, 46,51, 80,128, 129 or 163 amino acids.
In preferred embodiments the antisecretory factor (AF) con-
sists of 5, 6, 7, 8 or 16 amino acids.

In another preferred embodiment, the antisecretory factor
(AF) proteins or a peptide or a homologue, derivative or
fragment thereof having equivalent activity according to the
present invention consists of a sequence according to the
following formulae:

X1-V-C-X2-X3-K-X4-R-X5

wherein X1 is I, amino acids 1-35 of SEQ ID NO 6, or is
absent, X2is H,RorK,X3isSorL, X4is T orA, X5 is amino
acids 43-46, 43-51, 43-80 or 43-163 of SEQ ID NO 6, or is
absent.

The antisecretory factor according to the present invention,
can be produced in vivo or in vitro, e.g. recombinantly, syn-
thetically and/or chemically synthesized, and/or isolated
from a naturally occurring source of antisecretory factors,
such as from pig pituitary glands or bird’s eggs. After pro-
duction, the antisecretory factors may be further processed,
such as by chemical or enzymatic cleavage to smaller anti-
secretory active fragments or by modification of amino acids.
Itis presently not possible to obtain antisecretory factor (AF)
protein in pure form by purification. It is however possible to
produce a biologically active antisecretory factor protein
recombinantly or synthetically as previously disclosedin WO
97/08202 and WO 05/030246. WO 97/08202 also discloses
the production of biologically active fragments of this protein
of 7-80 amino acids.

The antisecretory factor according to the invention may
further comprise an N terminal and/or a C terminal protecting
group. One example of an N terminal protecting group
includes acetyl. One example of a C terminal protecting
group includes amide.

In a preferred embodiment of the present invention the
antisecretory factor is a selected among SEQ ID NO 1-6, i.e.
VCHSKTRSNPENNVGL (SEQ ID NO 1, in this context
also called AF-16), IVCHSKTR (SEQ ID NO 2), VCHSKTR
(SEQIDNO 3), CHSKTR (SEQID NO 4), HSKTR (SEQ ID
NO 5), or the amino acid sequence of an antisecretory factor
(AF) protein according to SEQ ID NO 6 using the common
one letter abbreviations foramino acids. SEQ IDNO 1, 2, and
3 have previously been disclosed in e.g. WO 05/030246. As
specified in the accompanying sequence listing, some of the
amino acids in the above-specified sequences may be
replaced by other amino acids. In the following in this para-
graph, the position of a particular amino acid in a particular
amino acid sequence is calculated from the left, denoting the
most N-terminal amino acid as being in position 1 in that
particular sequence. Any amino acid substitution(s) as speci-
fied below may be performed independently of any other
amino acid substitution(s) in that sequence. In SEQIDNO 1,
the C in position 2 may be replaced by S, H in position 3 may
be replaced with R or K, S in position 4 may be replaced with
L, and/or T in position 6 may be replaced with A. In SEQ ID
NO 2, C in position 3 may be replaced by S, H in position 4
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may be replaced by R or K, S in position 5 may be replaced by
L, and/or T in position 7 may bereplaced by A. In SEQ ID NO
3, Cin position 2 may be replaced by S, H in position 3 may
be replaced by R or K, S in position 4 may be replaced by L,
and/or T in position 6 may be replaced by A. In SEQ ID NO
4, C in position 1 may be replaced by S, H in position 2 may
be replaced by R or K, S in position 3 may be replaced by L,
and/or T in position 5 may be replaced by A. In SEQ ID NO
5, Hin position 1 may be replaced by R or K, S in position 2
may be replaced by L, and/or T in position 4 may be replaced
by A.

Also intended by the present invention is the combination
of two or more of any of the fragments according to SEQ ID
NO 1-6.

In one embodiment of the present invention, the pharma-
ceutical composition according to the invention further com-
prises a pharmaceutically acceptable excipient. The choice of
pharmaceutically acceptable excipient and their optimum
concentration for use according to the present invention can
readily be determined by the skilled person by experimenta-
tion. Pharmaceutically acceptable excipients for use accord-
ing to the present invention include solvents, buffering
agents, preservatives, chelating agents, antioxidants, and sta-
bilizers, emulsifying agents, suspending agents and/or dilu-
ents. The pharmaceutical compositions of the invention may
be formulated according to conventional pharmaceutical
practice, e.g. according to “Remington: The science and prac-
tice of pharmacy”, 21st edition, ISBN 0-7817-4673-6 or
“Encyclopedia of pharmaceutical technology”, 2nd edition,
ed. Swarbrick J., ISBN: 0-8247-2152-7. A pharmaceutically
acceptable excipient is a substance that is substantially harm-
less to the individual to which the composition is to be admin-
istered. Such an excipient normally fulfils the requirements
given by the national health authorities. Official pharmaco-
poeias such as e.g. the British Pharmacopoeia, the United
States of America Pharmacopoeia and The European Phar-
macopoeia set standards for pharmaceutically acceptable
excipients.

The following is a review of relevant compositions for
optional use in a pharmaceutical composition according to
the invention. The review is based on the particular route of
administration. However, it is appreciated that in those cases
where a pharmaceutically acceptable excipient may be
employed in different dosage forms or compositions, the
application of a particular pharmaceutically acceptable
excipient is not limited to a particular dosage form or of a
particular function of the excipient. It should be emphasized
that the invention is not limited to the use of the compositions
mentioned in the following.

Parenteral Compositions:

For systemic application, the compositions according to
the invention may contain conventional non-toxic pharma-
ceutically acceptable carriers and excipients, including micro
spheres and liposomes.

The compositions for use according to the invention may
include all kinds of solid, semi-solid and fluid compositions.

The pharmaceutically acceptable excipients may include
solvents, buffering agents, preservatives, chelating agents,
antioxidants, and stabilizers, emulsifying agents, suspending
agents and/or diluents. Examples of the different agents are
given bellow.

Example of Various Agents:

Examples of solvents include but are not limited to water,
alcohols, blood, plasma, spinal fluid, ascites fluid and lymph
fluid.



US 9,220,750 B2

21

Examples of buffering agents include but are not limited to
citric acid, acetic acid, tartaric acid, lactic acid, hydrogen
phosphoric acid, bicarbonates, phosphates, diethylamide, etc.

Examples of chelating agents include but are not limited to
EDTA and citric acid.

Examples of antioxidants include but are not limited to
butylated hydroxyl anisole (BHA), ascorbic acid and deriva-
tives thereof, tocopherol and derivatives thereof, cysteine,
and mixtures thereof.

Examples of diluents and disintegrating agents include but
are not limited to lactose, saccharose, emdex, calcium phos-
phates, calcium carbonate, calcium sulphate, mannitol,
starches and microcrystalline cellulose.

Examples of binding agents include but are not limited to
saccharose, sorbitol, gum acacia, sodium alginate, gelatine,
chitosan, starches, cellulose, carboxymethylcellulose, meth-
ylcellulose, hydroxypropylcellulose, polyvinylpyrrolidone
and polyetyleneglycol.

The pharmaceutical composition according to the inven-
tion is can in one context be administrated locally or via
intravenous peripheral infusion or via intramuscular or sub-
cutaneous injection into the patient or via buccal, pulmonary,
nasal, cutaneous or oral routes. Furthermore, it is also pos-
sible to administer the pharmaceutical composition through a
surgically inserted shunt into a cerebral ventricle of the
patient.

In one embodiment, the pharmaceutical composition used
according to the present invention is formulated for intraocu-
lar, local, intranasal, oral, subcutaneous and/or systemic
administration. In a preferred embodiment, the composition
of the invention is administrated by application as a suspen-
sion or, even more preferably, a powder for inhalation with a
spray, aerosol, inhaler or nebulizer nasally and/or to the res-
piratory tract.

The administration of a powder comprising antisecretory
factors has the additional advantages in terms of stability and
dosage. A pharmaceutical composition according to the
invention can also be topically applied, intraocularly, intra-
nasally, orally, subcutaneously and/or systemically adminis-
tered via blood vessels. In a preferred embodiment, the phar-
maceutical composition is formulated for intravenous,
intramuscular, local, oral or nasal administration. Typically,
when used for topical application to the eye, the applied
concentration in the composition of the invention is from 1 ug
to 1 mg per application, preferably 50-250 pg, either as a
single dose per day or repeated several times per day (mul-
tiple doses), but is not limited thereto.

Systemically administrated to the blood, the dose is within
the range of 0.1 ug to 10 mg per application and kg body
weight, such as 0.1 ng to 1 mg per application and kg body
weight, preferably 1-500 ng/kg body weight, preferably again
1-100 pg/kg body weight either as a single dose per day or
repeated several times per day. When egg yolk enriched in
antisecretory factors is used according to the present inven-
tion, this formulation is preferably administered orally.

Accordingly, the present invention relates to the use of an
antisecretory factor (AF) protein or a derivative, homologue,
and/or fragment thereof, having equivalent activity, and/or a
pharmaceutically active salt thereof, for optimizing delivery
and/or cellular uptake of a further pharmaceutical substance
and/or formulation. In one embodiment, said antisecretory
factor (AF) protein consists of a sequence according to the
following formula

X1-V-C-X2-X3-K-X4-R-X5

wherein X1 is I, amino acids 1-35 of SEQ ID NO 6, or is
absent, X2is H,RorK,X3isSorL, X4is T orA, X5 is amino
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acids 43-46, 43-51, 43-80 or 43-163 of SEQ ID NO 6, or is
absent. In another embodiment, the invention relates to the
use of an antisecretory factor (AF) protein which comprises
an amino acid sequence as shown in SEQ ID NO: 1. In
another embodiment, the invention relates to the use of an
antisecretory factor (AF) protein which comprises an amino
acid sequence as shown in SEQ ID NO: 2. In yet another
embodiment, the invention relates to the use of an antisecre-
tory factor (AF) protein which comprises an amino acid
sequence as shown in SEQ ID NO: 3. In yet another embodi-
ment, the invention relates to the use of an antisecretory factor
(AF) protein which comprises an amino acid sequence as
shown in SEQ ID NO: 4. In a yet further embodiment, the
invention pertains to the use or an antisecretory factor (AF)
protein which comprises an amino acid sequence as shown in
SEQID NO: 5.

Furthermore, in yet another embodiment, the invention
pertains to the use of an antisecretory factor (AF) protein
which is a protein with an amino acid sequence as shown in
SEQ ID NO 6, or a homologue, derivative and/or fragment
thereof comprising amino acids 38-42 of SEQ ID NO 6.

In yet another embodiment, the invention relates to the use
of'a pharmaceutical composition as disclosed herein, which
comprises two or more antisecretory factor (AF) proteins
selected from the proteins as disclosed in SEQ ID NO: 1-6,
and SEQ ID NO 6 ora homologue, derivative and/or fragment
thereof comprising amino acids 38-42 of SEQID NO 6, or a
sequence as disclosed by the general formulae described
herein. Said sequences are all equally preferred to be used in
the present invention.

In one embodiment of the invention, said pharmaceutical
composition further comprises a pharmaceutically accept-
able excipient. Such an excipient may be any preferable
excipient chosen to be appropriate for the specific purpose.
Examples of excipients are disclosed herein.

In another embodiment of the invention, said pharmaceu-
tical composition is formulated for intraocular, intranasal,
oral, local, subcutaneous and/or systemic administration. The
chosen route of administration will vary depending on the
condition of the patient to be treated and the patient’s age and
gender etc.

In another embodiment, the pharmaceutical composition is
formulated for administration as a spray, aerosol or by a
nebulizer or an inhaler. In yet another embodiment, the inven-
tion relates to a pharmaceutical composition and/or a medical
food which is formulated for administration systemically to
the blood at a dose 0f 0.1 pg to 10 mg per application and kg
body weight and day, such as 0.1 pg to 1 mg per application
and kg body weight and day, preferably 1-500 pg per appli-
cation and kg body weight and day, preferably again 1-50 ng
per application and kg body weight and day. In another
embodiment, said dose is 1-1000 ng per application and kg
body weight and day, such as 1-100 pg per application and kg
body weight and day. The amount of the pharmaceutical
composition which is distributed to the patient in need thereof
will of course vary depending on the patient to be treated, and
will be decided by the skilled person, such as a medical
practitioner, for each occasion. Said administration can be
performed either as a single dose or as multiple daily appli-
cations.
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EXPERIMENTAL SECTION

Example 1

Disintegration of the Actin Filaments in Intestinal
Epithelial Cells

The aim of the present experiment was to elucidate if
disintegration of the actin filaments in intestinal epithelial
cells (enterocytes) influenced the fluid secretion in the small
intestine in adult rats.

Materials and Methods

Cholera toxin (Sigma), 3 ng, was infused in a 15 cm long
ligated loop formed from the jejunum. Such a treatment
resulted in 5 h in accumulation of fluid, which was measured
to amount to 340 mg/cm intestinal length. The actin network,
normally distinctly and strictly organized in the epithelial
cells, was thoroughly disorganized. The microvilli on the
luminal surface of the intestinal epithelial cells were short,
clumpy and irregular in their outline while their core of
microvilli almost completely lacked.

Results

If'the intestinal loop was challenged with cholera toxin and
then had AF-16, 100 pg, infused systemically within 10 min-
utes, the expected hypersecretion was abolished. The weight
of the loop was roughly equal to that of the tissue after
challenge with buffered balanced saline, and no fluid accu-
mulation or inflammatory reactions could be recognized.
Thus, AF-16 completely inhibited the expected fluid hyper-
secretion.

If on the other hand, the same amount of AF-16 was deliv-
ered 30 minutes after the cholera toxin challenge, the fluid
accumulated in the loop was in the order of 320-350 mg/cm
loop length. The actin network in the enterocytes, as well as in
the microvilli was extensively disorganized. We conclude that
there is a time window related to the hypersecretion prevent-
ing effects of AF-16 after cholera toxin challenge. These
result unequivocally disclosed that AF-16 only was prevent-
ing intestinal fluid hypersecretion during the first 10 minutes
to, at longest, 15 minutes, after its administration. Intestinal
fluid hypersecretion is linked to the prevalence of disorga-
nized actin network and some swelling of the enterocytes.

Combined challenge with cholera toxin and methyl-$-cy-
clodextrin (MBCD) of a ligated small intestine loop in rats
resulted in the accumulation of 480-500 mg fluid per cm
length of loop, and a prominent inflammation of the tissue.
The actin filaments were extensively disorganized. MPBCD is
known to deplete lipid rafts of cholesterol, resulting in dissi-
pation and aggregation of lipid raft constituents as well as
abnormal functions of ion pumps and other transduction sig-
naling receptors prevalent in these structures. The actin
cytoskeleton was disorganized.

Combined challenge with cholera toxin and methyl-$-cy-
clodextrin (MBCD) of a ligated small intestine loop in rats
followed within 10 minutes of administration of 100 ng
AF-16 resulted in the accumulation of less than 100 mg fluid
per cm length of loop, and no obvious inflammation of the
tissue. The actin filaments were distinctly organized both in
the apical parts of the intestocytes and in the almost normally
appearing microvilli. We conclude that disorganization of the
actin network and of the lipid rafts results in extensive fluid
hypersecretion, possible to completely prevent by the admin-
istration of a sufficient single dose of AF-16, if administrated
within 10-15 minutes.
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Example 2

Effect of AF-16 on Tumor Cell Distribution of
Doxorubicin

The effect of AF-16 on the vascular and cellular supply of
a cytotoxic, low molecular weight drug in the tumor was
investigated by using doxorubicin, which emits a distinct, red
fluorescence and binds to DNA.. The frequency of red labeled
cell nuclei was used as ameasure of the access of doxorubicin
to and into individual tumor cells. Animals with Mat B III
tumors were pretreated by either an intranasal dose of 100 pig
AF-16 (n=3) or the vehicle, PBS (n=3) 60 min prior to a single
i.v. injection of doxorubicin (9 mg/kg b.w). The animals were
sacrificed after 15 min, the tumors were dissected out and
snap frozen in liquid nitrogen. Cryostat microtome sections
were prepared, attached to glass slides and fixed in 4% buff-
ered formaldehyde. After staining nuclei with Hoechst 33342
(Sigma), the sections were mounted with Vectashield™ (Vec-
tor Laboratories Inc, USA) and examined in a Zeiss Axiol0
fluorescence microscope.

Materials and Methods

Animals and tumors. Female rats of the Fisher 344 and
Sprague-Dawley strains were purchased from B & K, Stock-
holm, Sweden. The animals were housed with a 12 h light
cycle, standardized humidity and temperature, and with
access to pellets and water ad libitum.

MAT B III (ATCC; CRL-1666; #13762) syngenic tumors.
These tumors were established in female Fisher rats (160
gram b.w.) after a single subcutaneous injection between the
shoulder blades of 106 MAT B III cells dissolved in 0.2 ml
culture medium. One or more solid tumors developed in
10-12 days, and reached in 2-5 days a size of 10x8x5 mm,
enabling pressure recordings.

Ethics. Permits to perform experiments were granted by
the regional Animal Experiments Ethics Committee, and
local and federal guidelines (EU 86/609/EEC) were followed.

Chemicals. The peptide AF-16 was synthesized and char-
acterized by Ross Pedersen A/S, Copenhagen, Denmark.
DMBA (9,10 dimethyl-1,2-benzanthracene, Hoechst 33342)
and doxorubicin were purchased from Sigma. The cell culture
medium RPMI 1640, supplemented with L-glutamine, was
purchased from Flow Lab.

Histopathology and immunohistochemistry. At the end of
the experiments the tumors were dissected, isolated free and
either rapidly frozen in liquid nitrogen or fixed in 4% buffered
formaldehyde. The fixed tumors were embedded in paraffin,
sectioned and stained with hematoxylin and eosin.

Statistics: Results are given as means+SE. Paired design
tests were used, and p<0.05 was considered significant.
Results

Effect of AF-16 on the distribution of doxorubicin. Doxo-
rubicin bound to DNA can be recognized by the bright, red
fluorescence of the cell nuclei. In two out of three MAT B III
tumors from rats pretreated with AF-16 the frequency of
positive, red nuclei was higher than in the tumors from rats
pretreated with the vehicle (FIG. 5). The blue dye Hoechst
33342 stain all cell nuclei, enabling at the microscopic
inspection of tumors to select areas with equal density of
cells. The FIGS. 5A/B and C/D, respectively, have the same
density of tumor cells, but the specimen from an animal
pretreated with AF-16 display strongly increased occurrences
of red nuclei. This experiment thus revealed that AF-16
enables doxorubicin to reach close to every cells at sufficient
concentration. We further conclude that these results indi-
cated that AF-16 in addition facilitates the optimized delivery
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and/or cellular uptake of a low molecular weight drug into the
individual cells of the tumor tissue.

Example 3

The aim of these experiments was to elucidate alterations
of the cell surface area, i.e. of the cell volumes, as related to
the tonicity of the fluid medium in which the MATB cells
were suspended. Tumor cells, as do normal cells, give high
priority to maintain their cell volumes exactly regulated. The
utilized strain of MATB cells is known to largely rely on the
use of the fluid and ion transfer pump NKCC-1 for monitoring
their dimensions and internal milieu.

Materials and Methods

The tumor cell line MATB cells (ATCC Nr: CRL-1666,
designation 13762 MATB 111), a well known and commonly
used cell line, was cultured in suspension and used in cell flow
experiments using a FACS equipment. Thereby, the close to
spherical tumor cells could rapidly alter their surface area and
cell volume as a response to challenges through the extracel-
lular fluid.

The FACS apparatus measured the MATB cells surface to
be 620 units in isotonic medium, lacking any serum or other
external proteins and peptide constituents that could interfere.
The addition of 10% sodium chloride (NaCl) to the suspen-
sion medium resulted in 5 minutes in a shrinkage of the
MATB cells surface are, to just below 500 units. That acti-
vated the NKCC-1 ion pump system as the cells sensed their
dimension reductions. The FAK and the CAP systems are
connected to the flotillins, linked to the actin filaments in the
MATB cells. Activation of this system results in phosphory-
lation of NKCC-1/FAK/CAP complex, and the MATB cells
ingest water and ions to swell. The cells struggle intensely and
take all opportunities to regain the normal cell volume.
Thereby, most evidently Na* and water enable the cell to
increase its cell surface to 576 units, i.e. close to that mea-
sured at the beginning of the experiment. If, however, AF-16,
100 pg/ml, is added after 30 minutes, the activity of the
NKCC-1 pump in the lipid rafts is rapidly reduced as
NKCC-1 is dephosphorylated and thereby inactivated, as
reflected by the cell surface of the MATB cells, which
approaches 514 units. These alterations are significant as
based upon more than 1000 cells per cycle.
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Results

Immunohistochemical processing of MATB cells centri-
fuged to be deposited on glass slides confirmed the dynamics
of the interaction between the CAP-FAK-NKCC-1 systems.
The GMK cells had high prevalence of phosphorylated FAK
in isotonic solution prior to the challenge by the addition of
saline, turning the suspension medium hypertonic. The
expression of phosphorylated FAK was almost completely
abolished after the treatment with hypertonic solution,
reflecting that the NKCC-1 ion pump with AF-16 restored the
high expression of phosphorylated FAK, disclosing that the
NKCC-1 pump system was shut down.

We conclude that the exposure of a suspension of MATB
cells to a hypertonic solution activated the CAP-FAK system,
which monitors the activity of the NKCC-1 ion pump system.
Thereby, we demonstrated that AF-16 interferes with this
system by controlling the activity of the NKCC-1 ion pump,
by monitoring the CAP/ponsin and FAK system.

Example 5

The tumor cell line GMK was cultured in on a solid surface
in a series of experiments aimed to elucidate the presence and
distribution of actin filaments immunohistochemically with
phalloidin-FITC.

Materials and Methods

The GMK cells were harvested after culturing to sub con-
fluence. The cell cultures were then, in triplicate, treated
according to the specifications in the following Table 1. After
30 min of treatment the cell cultures were fixed in buffered
formalin and then processed for immunohistochemical dem-
onstration of the actin pattern, as visualized with labeled
phalloidin. The latter is linked with high affinity to actin
filaments but not to depolymerized or G-actin. The achieved
results were evaluated and photographed with the aid of a
fluorescence microscope. (FIG. 3)

Results

We conclude that cytochalasin B disorganize the normal
actin filament pattern in cultured, adherent GMK cells and
that treatment with AF-16 to a large extent restored the nor-
mal pattern. Thus AF-16 normalized a perturbed actin cytosk-
eleton.

TABLE 1
Bundles
Lamellipodium of actin
Submembranous with actin filament Dense Actin at
Treatment actin rim filaments incytoplasm bodies cytocentrum Comments
Control ++ +++ +++ - + Actin at
(sham Not the
treatment, visible position
Hank’s) of lipid
rafts in
plasma
membrane
100 ng AF- ++ +++ +++ - + No
16 per mL change
20 yM - - ++ +++ Actin
cytochalasin pattern
B during disorganized
30 min
DMSO in ++ +++ +++ - + No
Hank’s change
100 pg AF- - - ++ ++ Actin
16 per mL pattern
5 min prior disorganized
to 20 pM

cytochalasin
B added
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TABLE 1-continued
Bundles
Lamellipodium of actin
Submembranous with actin filament Dense Actin at
Treatment actin rim filaments in cytoplasm  bodies cytocentrum Comments
100 pg AF- ++ + + + ++ Actin at
16 per mL plasma
and 20 uM membrane
cytochalasin
B added
concomitantly
20 UM +++ +++ +H++ -+ + Actin at
cytochalasin plasma
B 5 min membrane
prior to the
addition of
ATF-16
Example 6 cell medium did not influence the volume of the free floating

Effects of AF-16 on the Cellular Volumetric
Regulation of MATB1 Cells In Vitro

Materials and Methods

Cell Preparation

MATRB cells were cultivated according to standard proce-
dures, and diluted to 1x106 per ml in RPMI substituted with
glutamine. The cells were divided into 4 vials, designated no.
1,2, 3 and 4. Vial 1 served as a control. To vial no. 2, 3 and 4
were added hypertonic NaCl (10 mg/ml in RPMI with
glutamine), followed by addition of 50 mg of AF-16 (vial 3)
or PBS (vial 4) after 30 min. Vial no 2 was subjected to FACS
analyses 5 min after addition of the hypertonic NaCl solution,
while the cells in vials 1, 3 and 4 were subjected to FACS
analyses after a total of 60 min. Cytospin preparations were
made from all vials and used for immunohistochemistry.
Results

The FACS analyses, of 10.000 cells, demonstrated a
median FSC-height of 620 in vial no. 1 (control), 450 in vial
no. 2 (hypertonic NaCl 5 min), 514 in vial no. 3 (hypertonic
NaCl+AF-16, 60 min) and 576 in vial no. 4 (hypertonic
NaCIl+PBS, 60 min) (FIG. 1). Immunohistochemistry per-
formed by means of antibodies to phosphorylated FAK dem-
onstrated an intense red staining in the control cells (vial no
1), while the cells of vial no 4 (PBS-treated) had a signifi-
cantly lower intensity. A staining intensity similar to that in
the control cells were demonstrated in the cells treated with
AF-16 (vial 3) (FIG. 2).

Interpretation of the Results.

Free floating MAT B III tumor cells were used in cytometry
assays, and exposed to hypertonic stress, aimed to mimic a
similar situation in the solid tumor. The experimental setup
was designed to elucidate if cell swelling, i.e. intracellular
accumulation of fluid, contributed to the high IFP. Thus, the
cells in an encapsulated tumor are considered to be inflated,
maintaining this state of shape and size with a high priority by
pumping fluid and ions in order to counteract influences of pH
and osmotic forces.

Thus, suspended MAT B III cells were exposed to hyper-
tonic environment, induced by adding sodium chloride to the
nutrient medium. Flow cytometry disclosed a rapid decrease
of'the mean cell volume (FIG. 1). Within 10 min, the volume
regulating system of the MAT B I1I cells started to regain cell
volume, approaching their original cell volume after 60 min.
However, the addition at 30 min after the start of the hyper-
tonic challenge of AF-16 to the MAT BIII cells blocked the
reactive increase of the cell volume. Addition of AF-16 to the

20

25

30

35

40

45

50

55

60

65

MAT BIII cells if added prior to the induction of hypertonic
stress (not illustrated). The lack of effect when AF-16 was
added before the reactive recovery had started indicated that
the fluid transfer system affected by AF-16 was temporarily
inactivated until the volume recovery started. This experi-
mental setup was repeated three times with the similar results.
Taken together, these results demonstrated that AF-16 can
affect the cell systems monitoring the dimensions and volume
of tumor cells. No influence of AF-16 on the cell volume has
been documented in vitro when tested on different normal,
adult cells.

The maintenance of cells size and shape is of key impor-
tance, not only for normal cells but also for malignant ones.
Cells respond rapidly when the environment is changed.
Thus, the suspended MAT B 111 cells in the present experi-
ment responded to a hypertonic environment by shrinkage.
However, a counter reaction was rapidly started in order to
restore the cells dimensions by increased uptake of fluid.
However, the addition of AF-16 blocked this active cell vol-
ume expansion in an hypertonic milieu. The decrease in [FP
pressure documented after AF-16 treatment could be due to
an effect on the tumors cells, on the blood vessels or a com-
bination of both. The flow cytometric results indicate that one
effect could be a direct effect on the tumor cells reducing their
volume and thus facilitating perfusion through the tumors.
Such an effect has been demonstrated in tumors with phar-
macologically induced elevated frequency of apoptosis caus-
ing a decrease of the tumor mass, which eventually resulted in
an improved blood perfusion (Jain 2008). High IFP in solid
tumors is often correlated to hampered penetration and
uneven distribution of cytotoxic drugs. These restrictions in
the drug distribution are frequently followed by a reduced anti
tumor efficacy of the cytotoxic drugs.

It ought to be stressed that AF-16 transiently lowered the
IFP during a few hours, thereafter IFP returned to the original
high level in 24 h. Tentatively, this time limited effect of
suppressed I[FP is likely to be associated with improved tumor
blood circulation and metabolism, which might potentiate the
efficacy of radio therapy. Thus, an increase of blood flow
during radio therapy generates more free radicals and these
are most effective in eliminating the malignant cells.

The flow cytometry results indicated that AF-16 directly or
indirectly affects essential ion and water transport systems in
the tumor cells and/or in the stroma. A likely candidate could
be the co-transporter NKCC-1, known to affect the volume of
cells.
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Addition ofhypertonic NaCl induced an immediate shrink-
age of the MATB cells due to altered osmotic pressure in the
extracellular medium, leading to an activation of the NKCC1
pump, aiming at increasing the Na+ and water concentration

into the cell, counteracting the cell shrinkage. This activation 5

is preceded by a dephosphorylation of FAK simultaneously
with a phosphorylation of NKCC1 and other transmembrane
proteins. Such a dephosphorylation of FAK is inhibited by
addition of AF-16. Another enzyme system, named

CAP=ponsin, interacts with FAK as well as with the flotillin 10

complex. Thus, AF-16 acts by interfering with the regulation
of the balance between phosphorylation and dephosphoryla-
tion of FAK thereby changing the activity of the NKCC1 and
other transmembrane proteins. AF-16 counteracts the

30

attempts of these malignant cells to regain the cell volume and
simultaneously also their intracellular pressure and dimen-
sion.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 6

<210> SEQ ID NO 1
<211> LENGTH: 16
<212> TYPE: PRT
<213> ORGANISM: artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Active Peptide
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 6

<223> OTHER INFORMATION:
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 3

<223> OTHER INFORMATION:
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 4

<223> OTHER INFORMATION:
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 2

<223> OTHER INFORMATION:

may be replaced with A

may be replaced with L

may be replaced by S

<400> SEQUENCE: 1

may be replaced with R or K

Val Cys His Ser Lys Thr Arg Ser Asn Pro Glu Asn Asn Val Gly Leu

1 5 10

<210> SEQ ID NO 2
<211> LENGTH: 8
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Active Peptide
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 7

<223> OTHER INFORMATION:
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 4

<223> OTHER INFORMATION:
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 5

<223> OTHER INFORMATION:
<220> FEATURE:

<221> NAME/KEY: VARIANT
<222> LOCATION: 3

<223> OTHER INFORMATION:

may be replaced by A

may be replaced by R or K

may be replaced by L

may be replaced by S

<400> SEQUENCE: 2

Ile Val Cys His Ser Lys Thr Arg
1 5

15
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-continued

<210> SEQ ID NO 3

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Active Peptide

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 6

<223> OTHER INFORMATION: may be replaced by A
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 3

<223> OTHER INFORMATION: may be replaced by R or K
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 4

<223> OTHER INFORMATION: may be replaced by L
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 2

<223> OTHER INFORMATION: may be replaced by S

<400> SEQUENCE: 3

Val Cys His Ser Lys Thr Arg
1 5

<210> SEQ ID NO 4

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Active Peptide

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 5

<223> OTHER INFORMATION: may be replaced by A
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 2

<223> OTHER INFORMATION: may be replaced by R or K
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 3

<223> OTHER INFORMATION: may be replaced by L
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 1

<223> OTHER INFORMATION: may be replaced by S

<400> SEQUENCE: 4

Cys His Ser Lys Thr Arg
1 5

<210> SEQ ID NO 5

<211> LENGTH: 5

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Active Peptide

<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 1

<223> OTHER INFORMATION: may be replaced by R or K
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 2

<223> OTHER INFORMATION: may be replaced by L
<220> FEATURE:

<221> NAME/KEY: VARIANT

<222> LOCATION: 4

<223> OTHER INFORMATION: may be replaced by A
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-continued

<400> SEQUENCE: 5

His Ser Lys Thr Arg
1 5

<210> SEQ ID NO 6

<211> LENGTH: 382

<212> TYPE: PRT

<213> ORGANISM: homo sapiens

<400> SEQUENCE: 6

Met Val Leu Glu Ser Thr Met Val Cys Val Asp Asn Ser Glu Tyr Met
1 5 10 15

Arg Asn Gly Asp Phe Leu Pro Thr Arg Leu Gln Ala Gln Gln Asp Ala
20 25 30

Val Asn Ile Val Cys His Ser Lys Thr Arg Ser Asn Pro Glu Asn Asn
35 40 45

Val Gly Leu Ile Thr Leu Ala Asn Asp Cys Glu Val Leu Thr Thr Leu
50 55 60

Thr Pro Asp Thr Gly Arg Ile Leu Ser Lys Leu His Thr Val Gln Pro
65 70 75 80

Lys Gly Lys Ile Thr Phe Cys Thr Gly Ile Arg Val Ala His Leu Ala
85 90 95

Leu Lys His Arg Gln Gly Lys Asn His Lys Met Arg Ile Ile Ala Phe
100 105 110

Val Gly Ser Pro Val Glu Asp Asn Glu Lys Asp Leu Val Lys Leu Ala
115 120 125

Lys Arg Leu Lys Lys Glu Lys Val Asn Val Asp Ile Ile Asn Phe Gly
130 135 140

Glu Glu Glu Val Asn Thr Glu Lys Leu Thr Ala Phe Val Asn Thr Leu
145 150 155 160

Asn Gly Lys Asp Gly Thr Gly Ser His Leu Val Thr Val Pro Pro Gly
165 170 175

Pro Ser Leu Ala Asp Ala Leu Ile Ser Ser Pro Ile Leu Ala Gly Glu
180 185 190

Gly Gly Ala Met Leu Gly Leu Gly Ala Ser Asp Phe Glu Phe Gly Val
195 200 205

Asp Pro Ser Ala Asp Pro Glu Leu Ala Leu Ala Leu Arg Val Ser Met
210 215 220

Glu Glu Gln Arg His Ala Gly Gly Gly Ala Arg Arg Ala Ala Arg Ala
225 230 235 240

Ser Ala Ala Glu Ala Gly Ile Ala Thr Thr Gly Thr Glu Asp Ser Asp
245 250 255

Asp Ala Leu Leu Lys Met Thr Ile Ser Gln Gln Glu Phe Gly Arg Thr
260 265 270

Gly Leu Pro Asp Leu Ser Ser Met Thr Glu Glu Glu Gln Ile Ala Tyr
275 280 285

Ala Met Gln Met Ser Leu Gln Gly Ala Glu Phe Gly Gln Ala Glu Ser
290 295 300

Ala Asp Ile Asp Ala Ser Ser Ala Met Asp Thr Ser Glu Pro Ala Lys
305 310 315 320

Glu Glu Asp Asp Tyr Asp Val Met Gln Asp Pro Glu Phe Leu Gln Ser
325 330 335

Val Leu Glu Asn Leu Pro Gly Val Asp Pro Asn Asn Glu Ala Ile Arg
340 345 350
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36

-continued

Asn Ala Met Gly Ser Leu Pro Pro Arg Pro Pro Arg Thr Ala Arg Arg

355 360 365
Thr Arg Arg Arg Lys Thr Arg Ser Glu Thr Gly Gly Lys Gly
370 375 380
The invention claimed is: 13. The method of claim 1, wherein the antisecretory factor
10

1. A method for optimizing cellular uptake of a pharma-
ceutical substance and/or formulation, said method compris-
ing administering to a subject a pharmaceutical composition
comprising: a) an antisecretory factor (AF) protein; a deriva-
tive, homologue and/or fragment thereof having AF activity;
and/or a pharmaceutically active salt thereof in an amount
sufficient to induce normalization and/or reduction of the
intracellular pressure in a pathological cell for optimizing
cellular uptake of a further pharmaceutical substance, and b)
a further pharmaceutical substance selected from the group
consisting of anticancer drugs, cytostaticas, antimicrobial
substances, antibiotic substances, antiviral substances, anti-
bodies, drugs targeting a posttraumatic injury, drugs targeting
neurodegeneration, drugs targeting a parasite, and drugs tar-
geting an inflammatory condition.

2. The method of claim 1 wherein said further pharmaceu-
tical substance treats a tumor and complications thereof.

3. The method of claim 1, wherein said antisecretory factor
(AF) protein, derivative, homologue, and/or fragment thereof
having AF activity, consists of a sequence according to the
following formula X1-V-C-X2-X3-K-X4-R-X5, wherein X1
is I, amino acids 1-35 of SEQ ID NO:6, or is absent, X2 is H,
RorK,X3isSorL, X4is T or A, X5 is amino acids 43-46,
43-51, 43-80 or 43-163 of SEQ ID NO:6, or is absent, or a
modification thereof not altering the function of the polypep-
tide.

4. The method of claim 1 wherein said pharmaceutical
composition is a medical food.

5. The method of claim 1 wherein said pharmaceutical
composition comprises two or more antisecretory factor (AF)
proteins.

6. The method of claim 1 wherein said pharmaceutical
composition further comprises a pharmaceutically accept-
able excipient.

7. The method of claim 1 wherein said pharmaceutical
composition is formulated for intraocular, intranasal, oral,
local, subcutaneous and/or systemic administration.

8. The method of claim 1 wherein said pharmaceutical
composition is formulated for administration as a spray, aero-
sol, inhaler and/or by a nebulizer.

9. The method of claim 1, wherein the pharmaceutical
composition is formulated for administration systemically to
the blood at a dose 0f 0.1 pg to 10 mg per application and kg
body weight and day.

10. The method of claim 9, wherein the pharmaceutical
composition is formulated for administration systemically to
the blood at a dose of 1-1000 pg per application and kg body
weight and day.

11. The method of claim 1, wherein said administration is
performed as a single dose or as multiple daily applications.

12. The method of claim 1, wherein the antisecretory factor
(AF) protein, a derivative, homologue, and/or fragment
thereofhaving AF activity, is provided as egg yolk enriched in
antisecretory factors.
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(AF) protein; a derivative, homologue and/or fragment
thereof having AF activity; and/or a pharmaceutically active
salt thereof, comprises at least the amino acid sequence of
SEQ ID NO: 4.

14. The method of claim 1, wherein the antisecretory factor
(AF) protein; a derivative, homologue and/or fragment
thereof having AF activity; and/or a pharmaceutically active
salt thereof is formulated for systemic administration at a
dose of 25 pg/kg/day-10 mg/kg/day.

15. A method for treating a mammal in need of optimized
uptake of a pharmaceutical substance, said method compris-
ing: administering an antisecretory factor (AF) protein, pep-
tide, derivative, homologue, and/or fragment thereof having
AF activity, or a modification thereof not altering the function
of the polypeptide, and/or a pharmaceutically active salt
thereof in an amount sufficient to optimize uptake of the
pharmaceutical substance, and administering the pharmaceu-
tical substance, wherein the pharmaceutical substance is
selected from the group consisting of anticancer drugs, cyto-
staticas, antimicrobial substances, antibiotic substances, anti-
viral substances, antibodies, drugs targeting posttraumatic
injury, drugs targeting neurodegeneration, drugs targeting a
parasite, and drugs targeting an inflammatory condition.

16. A pharmaceutical composition comprising: a pharma-
ceutical substance selected from the group consisting of anti-
cancer drugs, cytostaticas, antimicrobial substances, antibi-
otic substances, antiviral substances, drugs targeting
posttraumatic injury, drugs targeting neurodegeneration,
drugs targeting a parasite, and drugs targeting an inflamma-
tory condition; and an antisecretory factor (AF) protein, pep-
tide, derivative, homologue, and/or fragment thereof having
AF activity, or a modification thereof not altering the function
of the polypeptide, and/or a pharmaceutically active salt
thereof, in an amount sufficient to optimize uptake of the
pharmaceutical substance.

17. A method for optimizing cellular uptake of a pharma-
ceutical substance and/or formulation, wherein said method
comprises administering to a subject in need thereof a phar-
maceutical composition comprising: a) an antisecretory fac-
tor (AF) protein; a derivative, homologue and/or fragment
thereof having AF activity; and/or a pharmaceutically active
salt thereof in an amount sufficient to induce optimization of
delivery and/or cellular uptake of a further pharmaceutical
substance to a metastatic cancer cell, and b) a further phar-
maceutical substance selected from the group consisting of
anticancer drugs, cytostaticas, and radiation therapy.

18. The method of claim 17, wherein the AF protein; the
derivative, homologue and/or fragment thereof having AF
activity; and/or the pharmaceutically active salt thereof, is
administered in an amount sufficient to induce normalization
and/or reduction of the intracellular pressure in the metastatic
cancer cell.



